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SPREFACE

AUTHORIZATION

Specific directives for these investigations
were issued in Buord ltr Relb Q1W19 dated December 30,
1942,

OBJECT

To make a coraplete physical, chemical and metallur-
gical examination of the folowing Japanese equiment:

37=ia Anti-tank ammunition.

3--inch A.A. ammunition.

75mri Howitzer anmunition.

50,mim Mlortar projectile.

50mm Mortar grenade.

Accesion For
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DTIC TAB C

0% Unannounced

Justification

By.
Distribution I

Availability Codes

I Avail andlor
Dist Special
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ZI'A:.*ITATIO.'T OF OITE ROUND OF JAANESE 37mm AI.IVI-T1'iI

SUD£.ARY

This projectile was machined from plain carbon
steel bar stock, normalized and noselhardened,. A complete
description of the analysis. hardness and nicrostructure is
presented.; the heat t eatnent used is discussed.

The chemical composition, hardness and mi.cro-
structure of the fuze comrponents have been investigated and
the fuze action is described.

o"'. The decoppering foil of this ammunition is found
to be a 60-4.0 tin-lead alloy weighing'.039 ounces.

Section i Page i
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IUTRODUCTION.

A complete round of Tapanese 37mm. anti-tank
"ra,.unition was received by the Naval Proving Ground for

physical, chemical and metallurgical examination. The
Siollowing is a report of this investigation, in accordance

,-- d,.ith the directives.
-B Ii '}+STIGT ...

NIPG Photo. Io. 551 (APL) show-:s the compaonent
parts of this ammunition; an uncapped 37mm projectile, a..base
detonating fuze, decoppering -oil and a larg e brass cartridge
case. -&.- hoto, No. 605 (10L) shows this projectile and
fuze in cross section.

The projectile has a very small capacity, only
.825 cu. in, for filler; most of the cavity being taken up by
the unusually large fuze. This fuze has evidently been adapted
fom a larger projectile. The fuze action is as follows:

Set back -,Thp brass sleeve flies to the rear,

shearing the copper shear pin and wedging firmly on the A.
pin taper; firing pin and sleeve now form one unit.

Fliht - The firing pin-sleeve unit is restrained
from moving forward by the creep spring.

impact - The firing pin-sleeve unit flies forward
and the firTng pin strikes the .primer, setting off the delay
element (short) and subseouently the booster charge.

Section T Pa-'" 1
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The decoperina foil is held in the cartridge
case by nteans of a cardboard disk, to which it is attached by
a subsuige resembling shellac. This foil weighed 1.065
grams. CO39 oz.)

The projectile was painted black and is
-. -. , identified by a yellow band approximately 1/2 inch wide

located imiediately behind the bourrelet and a white band of
the same width iediately in front of the rotating band.

., ... e fuze carried the following markirns:

The cartridge case is of conventional design,
Wvl:'G *Photo. No. 606 (APL) shows the longitudinal section of Ith'-is case.

CH,EiiCjILL :LiYSIS.

Chemical analyses of all components are listed
in Table A. Steel analyses are spectrochmical excepting
carbon phosphorus and'sulphur which have been obtained by'
standard wet chemical methods.

H TAILL'U3ICAL DAI INATIO'T.

This examination entailed a study of the
..anufacture and heat treatment of the projectile with the
resulting distribution of hardness and microstructure. The
hardness and microstructure of the fuze were also investigated.

'°A deep etch of the cross section of the pro-
jctile showed that it was machined f rom bar stock. IlPG Photo.
.No. 610 (APL) shows a lightly etched cross section of this
projectile; the nature of the heat treatments are clearly
indicated,. A study of the microstructure and hardness of tho
zones delineated by the light etch indicated that:

1. The lightly etched region on the nose surface-
rcpresents a temnered martensitic structure of high hardness,
62 R.C. (80 Shore).

2. The deeply etched region in the ccnter of the
nose and extending to the cavity roprasents a structure arising
from a partial reaction of the austenitized raatrix to pearlite
and martensite. The hardness varies from 55 R.C. (73 Shollo at
the interface of the wholly martensitic region to 25 R.C. (40 Shore
at tho cavity; at this Doint the structure is entirely pearlitic,

3. The remainder of the body and base, which show

Section I Pag-e 2
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even etching, rcpresents a zone having a uniform hardness of
25 R.C. (40 Shore) and a normalized structure. The intt' r - ac
of this zone and the darkly etched zone shows almost copltte
spheroidization of this normalized structure. it would
appear that the projectiles were heat treated as follows:

(1) Normalized by holding at approximately
14000 F and air cooling.

(2) Nose hardened by dipping 2-1/8 inc: ies of
- the nose into a lead alloy pot held at

ai p:Eximately 15000 F for a definite time,
followed by a timed oil quench. -

(3) Tcmpered at approximatoly 3000 F.

The structure and hardness of tho fuze components
were found to be as follows:

Fuze Plug Normalized structure, 90 RB

Fuze Body 20

Firing Pin 80 RB

C DISCUSSIMN.

On the basis of the distribution of the hardness and
microstructure found in this projectile, it is believed that a
serious weakness exists at a point immediately behind the
bourrelet. (The hardness falls abruptly from 62 R.C. (8OShore)
to 25 R.C. (40Shore)) which should cause this projectile to
fail at this point on impacts involving appreciable obliquitics.

Section I Page 3
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II

~DA1IIUTI~i O 2O"M ROUND Of JAPANESE 3-1TCH- A.A. *\ flE

SIJMVE.fIARY

The projele of this a-mmunition :as found to have
* b6on madc from nickel-chrome steel by forging' and then nornal-

iz ing.

This ammunition uses a decopperi!.2 foil of a tin-
lead 60-40 alloy, weighing.096 ounces.

Complete chemical and metallurgical analyses I
all components are presented.
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A INRODUCTION.

One complete round of Japanese 3-inch A.A. ariuni-
tion was-received by the Naval Proving Ground for a conplst("
physical, chemical and metallurgical 6xamnation. The foJllow-
inng is a report of this investigation, in accordance with the
directives.

B B. INVESTIGATION.

PHYSICAL

ITPG lhoto. No. 548 (APL) shows the cartridge
case and decoppering foil, TPG Photo. No,, 629 (APL) shows the
fuze components, NPG Photo. No. 251 (APL) _-ws a cross s,,c',.on
of the projectile, and NPG Photo. No. 606; (AP".) shows a cr" 3
section of the cartridge case.

The projectile body contains a sphet.cal section
of wood, which is recessed into a conjugate rdepes.bon in the
base plug. This wood plug serves as a cushion for.-he filler on
set-back.

The decoppcering foil was positioned in the
cartridge case by means of a cardboard disk to which it was
attached by a shellac-like material. The foil weighed 2.717

* - gms. (.o96 oz.).

* .No color markings viere found on this pro-
jectile; the following identification was found on the base
pl.ug. F S No 3

A dark brown varnish was used to coat the
cavity of the projectile.

CHEICAL.

Chemical analyses of all components are listed
in Table A. Steel analyses are spectrochemical excepting for
the carbon, phosphorus and sulphur, which have been obtained
by wet chemical methods.

Non-ferrous anaiyses are by standard wet1-h,-uni etil proce-dures.

Section Ii, Page 1 I
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.ErALLURGICAL.

This examination entailed a study of the
hardness, macrostructure and microstructure relating the
quality of the ammunition and the probable methods used
in its manufacture.

The deep etched macrostructure indicated this
steel to be sound and, free from segregatio)n of non-metallics?
thc flow figures were found to be parallel to the contour of
thc; projectile in such a fashion as to indicate that it was
formed by a draw forging operation.

The microstructures and hardness of the various
components are listed in Table B.

The projectile has been made from a low slloy
nickel-chrome steel and air cooled following the forging
operation to give a tensile strength of approxLmatoly 110,000
psi. The base plug is of approximat3 SAE 3150 composition.
It was made by forging a section cut from a plate and then
normalizing to give altensile strength of 130,000 psi.

The booster cup and detonator assembly were
., made by die casting Muntz metal and then machining to final

size. The inside surface has a thin coating of tin 1OO1 -
;002 in thickness.

Section ii, Paa- 2.



III

DAHi!NATiON OF 0~TE ROUYI OF JAP.ANESE 7 5mm
LI Roa or Ti-IES r.

HO.CITZEfR AIRTNITION

The projectile of this ammunition was found to
have been made from a plain carbon steel of approximately
SAE 1065 grade by forging and normalizine.

A complete chemical and metallurgical analysis
of all components is presented.

Section Ii, Page i
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INTRODUCTION.

One round of Japanese 75mm Howqitzer ammunition was
received by the Naval Proving Ground for a complete phYsical,

.J : .chemical and metallurgical examination. The following is
report of this investigation, in accordance with the directives.

i i INVESTIGAT ION.

PHYSICAL.

The cop ponent parts of this animunition are
shown in NPG Photo. No. 547 (APL). NP)G Photos. Nos. 659 ,nd
606E (,PL) show the cross section of the projectile and
cartridge case respectiv.ely.

The projectile was painted black and was
identified by white bands behind the bourrelet and immediately
in front of and behind the rotating band.

i . A dark brown varnish was used to coat the
cavity of the projectile.

CH!EMICAL.

Chemical analyses of all components are listed
in Table A. Steel analyses are spoctrochemical excepting those
of carbon, phosphorus and sulphur, which have been obtained by
wet chemical methods.

i.ETAjLURG!C AL.

This examination entailed a study of the
h:,rdness, macrostructure and microstructure relating the
quality of the ammunition and the probable methods used in
its manufacture.

The deep etched macrostructure indicated this
steel to be fairly sound and free from segregation of non-
mctallics; the flow figures were found to follow the contour
of the projectile in such a fashion as to indicate that the
projectile was formed by piercing and bench drawing a section
cut fron bar stock.

seoThe projectile was made from a plain carbon

steel ol' approximately SAE 1050 grade and nir cooled from
- . ... forging temperature to give a normalized structure having a

tcnsile strength of approxinately 110,000 psi. (90 RB),

Section III, Page I



The booster cup was made from steel of approximately

SAB 1030 grade by a hot cupping and drawing operation aftc-r

.'hich it was normalized to give a tensile strength of

approximately 65,000 psi. (73 RB).

V
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IV

.-y1.IIIATION OF A JAPANESE 50rm MORTAR PRO JECTILE

SUMARY

Examination shows this projectile to be of con-
v(ntionl design, with exception of an cxpansibie copperband, which makes use of the propellant gases to affect bore
seal in a rifled mortar; the action is expliined.

The projectile has been manufactured from plain
carbon, normalized bar stock by machining, there is no
evidence of forging.

" '-. Chemical and metallurgical exarinations have been
made of all components,

.e

9 . ./-

:.. Section IV, Paige i
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A ii'I_ RODUCTION.

One 50rri Japanese mortar projectile was rec0ived
by the Naval Proving Ground for a complete physical, cherlical
and metallurgical examination. The following is a report
of this investigation, in accordance with the directives.

B INVESTIGATION.

PHYSICAL.

NPG Pltotoo No. 545 (APL) shows the component
poarts of this anunition; the projectile body, baae and&.
discharger. A cross sectional view of the projectile is' shov'n
in ITP)G Photo. No. 602 (A'L).

The design is that of a conventional nortar
projectile with the exception of an attempt to secure incr'eased'
forcing of the projectile by the use of a copper expansion band,,which encircles the dischar ger. When the propellant charge is

set off the result'ing gas pressure which is built up in tl~e
discharger body, and subsequently agaiinst the base of the
projectile, also acts to expand the copper band against the
rifled bore of the mortar. Small copper pins are inserted
betwoeen the expansible rotating band and the discharger body to
prevent stripping. To prevent possible slapping, th, forward
part of the projectile has been machined to have a bourrelet.

The projectile was painted black with the exception
-" -"-- of the following color narkings:

Nose:- r.ed band 1/2 inch wide.
Behind bourrelet: yellow band 1/2 inch wide.
Rear section of body forward of copper band:
white band 1/2 inch wide.

CHEMICAL.

Cheraical analyses of all conrponents are listed
in Table A. Steel analysis are spectrocherical excepting
carbon, phosphorus and sulphur which have been obtained by
standard wet chemical nethods.

Section IV, Page 1
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METALLURGICAL MAL-IiNATION.

This examination entailed a study of the hard-
ness, aincrostructure and nicrostructuro relating to the quality
of the projectile and the probable imethods which wore used in
its manufacture.

-' The deep etched rmacrostrunture of all throc
-rojectile components, hows only longitu.. -3 flow figur.;s,

* indicating that these corponents were rm&d.. nuchining f ra
bar stock.

-. Such manufacturing procedure indicates a lack
of forging shop capacity and the availability of machine shop
facilities.

The nicrostructure indicp.es that no he:..
" treating was done on any of the conponen°s, all show a

normalized structure which is probably tn.e air cooled s'zruc-
ture of the original bar stock.

The hrdness was found to be 85 R.B. for the
body and base, and 88 R.B. for the discharger.

-"

Section IV, Page 2
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-e a4,C, IINION OF A JAPAIMESE 5 0 .1,.OR AR G-RADE

• ,." SM.'"IRY "

This grenade consists of two Parts a body of,. .- "pearlitic gray catio n icagr of normalized

.aedium carbon steel.

Chemical and raetallurgical ex,:,inations have
been rade of all components.

The action of the grenade is explained.

,- Section '7, Page i
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TABLE A

Chemical Analysis of. Tapanese JNortar Grenade

Cormonent C P S Iln Si Cr Ni Cu .io

I crronade Body 3.69 .218 .055 1.15 2 U. .07 05 T T

k-renade Cap 3.73 .136 .154 't.48 ":4 .11 .17 T T

Discharger Body ,35 .020 060 .65 .20 N_ .05 T T

Discharger Base - .98 31 .07 .08 T T

Firing Pin - - - .6v3 .32. .08 .07 T Y

Booster Tubing Pure copper

Propellant Cup Pure copper

Powder Train Cu + Zh spectrochemically; no wet analyTsis
made

Firing Pin Sleeve CGu+ Zn spectrochcmically; no wet analysis
made.

Fuze Body Cu + Zn spectrochemically; no wet analysis
made.

i- I
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/'

A IM'2RODUCTION.

: K.-. One Japanese mortar grenade was received by the

Naval Proving Ground for a complete physical, chemical and: r {' , - r,€ 
I 

I

--. metallurgical examination. The following is a report of this

__investigation, in accordance with the directives"

B INVESTIGATION.

PHY ICAL.

""G Photo. No. 546 (APL) show, the grenoee

as received; NIPG Photo. No. 603 (APL) shows z.1e component parts

of this ammunition. The details of assembly" r evident

This ammunition can evidenltly be used by hand
throwing or by mortar projection, In eith.cr case the safety.

fork (shown in hT-G Photo. No. 546 (APL)) 's first rlemoved, (the"

- fork fits under the sleeve holding the firing rin and thus pre-
vents the firing pin from moving) and then if it is desired to

-. throw the grenade by hand a sharp blow is struck on.the fuze"
-.covter driving the firing pin into the primer thus setting off

the powder delay train-. ,if it is desired to propel the grenade

by means of a mortar, the grenade is merely dropped into the

mortar and the propellant charge set off in the usual mortar

fashion. The resulting set-back causes the firing pin to

strike the primer and consequently to set off the powder delar

*" train. The delay train detonates the booster and finally the
bursting charge.

.l This grenade has no markings, it is painted

black on the outside and inside surfaces.

C124ICAL.

- : Chemical analyses of all components are listed

in Table A. Analyses are spectrochemical excepting for carbon,-

phosphorus and sulphur, which have been obtained by wet'chemical
methods.

Section V, Page 1
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I:ETAJLURGICAL.

Cp i g The body and cap of this grenade are made of
pearlitic gray iron having a tensile strength of approxima-tely
40,000 psi. The discharger was machined fronr >ar stock of
approximae SAE 1035 grade, it was not heat treated.

Table B lists the microstrulcture and hardness
of the vrious compoeents.

T.BLE B

M. icrostructure and Hardness of Compe .-..ts of japanese
.,50mm Mortar Grenade,

Component Hardness Microstructure
,Grenade Body 15 R Graphitic plates in a

oy, C matrix of pearlite.

Grenade Cap 15 RC  Graphitic plates in a
C- .matrix of pearlite.

-Discharger Body 73 R Normalized hypoeutectoid
* B "steel.

Discharger Base 79 RB Normalized hypoeutectoid

Section V, Page 2

- -,.,..', ,..,: 
•

.. .. ,1 - %.........I].. . .. .


